BAG-1 is a family of proteins with diverse activities that range in cultured cells from protection against programmed cell death through to regulation of steroid hormone action. At least three proteins (BAG-1L, BAG-1M and BAG-1) are encoded by the Bag-1 mRNA through the use of alternative translation±initiation sites. To assess the in vivo function of these factors, we have used in situ hybridization and immunohistochemical techniques to determine the distribution of Bag-1 transcript and proteins during mouse development. Bag-1 mRNA was identi®ed in several organs with cartilaginous tissues showing the highest expression levels. The level of expression at some of these sites was downregulated during the course of development. In the immunohistochemical studies, antibodies directed against the BAG-1 proteins stained all the sites identi®ed in the in situ hybridization studies although isoform-speci®c differences were observed. BAG-1L speci®c antibody showed ubiquitous staining as early as day 10.5 post-coitum but there was a progressive restriction during subsequent stages of embryogenesis. On the contrary, an antibody that preferentially recognized the other isoforms only stained the mouse myocardium in the early developmental stages before ®nally recognizing additional organs later on in development. These results demonstrate a stage-and site-speci®c expression of the BAG-1 isoforms during mouse development. q
1. Bag-1 mRNA expression during mouse development BAG-1 is a family of proteins that associates with several cellular factors including the molecular chaperone hsp70/ hsc70 (Takayama et al., 1997; Zeiner et al., 1997; Stuart et al., 1998) , steroid receptors (Zeiner and Gehring, 1995; Froesch et al., 1998; Liu et al., 1998; Kullmann et al., 1998) and the antiapoptotic factor bcl-2 (Takayama et al., 1995) . Using an antisense mouse Bag-1 mRNA, we detected a weak overall expression at 10.5±11.5 embryonic days post-coitum (E10.5±11.5) with the forebrain, branchial arches, the fore-and hind-limbs, the tail region and the genital tubercle/phallus showing prominent expression (Fig. 1A) . By E14.5 the sites of high expression had extended to the ribs, turbinate bone, neural arches, sphenoid bone, liver, lung, cervical dorsal (posterior) root ganglia ( Fig. 1K±K H , B±E H ), testis and Meckel's cartilage (see arrow in Fig. 1B H ). Further sites of expression between E14.5 and 16.5 include the rectum, submaxillary gland, thymus, cartilage rings of trachea (Fig. 1F±H H ) and kidney (not shown).
The level of expression at some of these sites changed during the course of development. For example, expression in the cartilage primordia of the ribs at E12.5 and 14.5 ( Fig.  1I±K H ) was downregulated at the time of ossi®cation of these structures (E16.5) (Fig. 1L±L H ). Furthermore, expression detected in the seminiferous tubules of the testis between E13.5 and E16.5 (Fig. 1M±N H ) disappeared just around birth (results not shown). Similarly, expression at the Meckel's cartilage at E14.5 (see arrow in Fig. 1B H ) was also no longer observed at later stages during resorption and mineralization to form the mandibular bones (results not shown). Other structures such as the mammary gland showed no expression at all the stages examined (see Fig.  1K and K H for an example of the male mammary gland).
Isoform-speci®c expression of BAG-1 proteins
The Bag-1 mRNA encodes different proteins that arise from alternative translation start sites (Packham et al., 1997; Takayama et al., 1998; Yang et al., 1998) . Mouse Bag-1 mRNA is reported to encode two isoforms, BAG-1L (50 kDa) and BAG-1 (32 kDa) but not the 46 kDa BAG-1M that has been described in human cells . With the use of a carboxy-terminal speci®c antibody (C16) that should recognize all the different BAG-1 isoforms as well as an antibody speci®c for BAG-1L (99)00284-1 www.elsevier.com/locate/modo (N15), Western blot analyses were carried out with protein extracts from developing embryos between E10.5 and E18.5. The C16 antibody poorly recognized the BAG-1L protein in the embryonic extracts and was thus speci®c for the other isoforms. As control, extracts from COS-7 cells transfected with an empty expression vector, human BAG-1M (46 kDa) or BAG-1L expression vectors were also analyzed.
The most prominent BAG-1 isoform detected throughout mouse development was a 46 kDa protein species that corresponded in size to human BAG-1M (Fig. 2, lanes 1±5 ). Note that another protein of approximately 44 kDa was also detected at the different developmental stages (Fig. 2 , lanes 1±4). The translation start sites of these proteins have so far not been mapped on the mouse Bag-1 mRNA. It is therefore uncertain whether they arise from the Bag-1 Fig. 1 . Expression pattern of Bag-1 mRNA during mouse embryogenesis. In situ hybridization studies on whole mount embryos and on sections were carried out to determine Bag-1 expression pattern. A, M: whole-mount in situ hybridization on isolated embryo and testis with underlying mesonephros; B±L H , N, N H : in situ hybridization on sagittal sections; B±L, N: bright-®eld images; B H ±L H , N H : corresponding dark-®eld illuminations. The labels are as follows: ba, branchiocephalic artery; c, cartilage primordia of ribs; cc, cricoid cartilage; ct, cartilage primordia of turbinate bone; dr, cervical dorsal (posterior) root ganglia; E, embryonic day post-coitum; el, entrance to larynx; eo, entrance to esophagus; fb, forebrain;¯, mesenchymal cells of forelimb bud; g, genital tubercle/ phallus; hl, mesenchymal cells of hindlimb bud; i, interstitial cells (it is not possible to distinguish morphologically between mesenchyme cells and Leydig cells at this stage); l, liver; m, underlying mesonephros; md, mesonephric duct (upper signal shows location of the epididymis, lower signal shows the location of the vas deferens); mg, male mammary gland; ms, cartilage primordium of manubrium sterni; na, cartilage primordia of neural arches; o, ossi®cation within cartilage primordia of ribs; on, optic (II) nerve surrounded by ®bbers of origin of extrinsic ocular muscles; r, rectum; s, seminiferous tubules formed from testicular cords; sm, submaxillary gland; sp, cartilage primordium of sphenoid bone; t, tail; tb, cartilage primordium of petrous part of temporal bone; tc, thyroid cartilage; th, thymus; tr, trachea with cartilage`rings'; tt, tubo-tympanic recess; *, absence of any signal in o. The arrows in panels A and B H indicate staining due to probe trapping and Meckel's cartilage. transcript or correspond to the recently described BAG-1-related proteins that share the same epitope as the BAG-1 proteins for the C16 antibody (Takayama et al., 1999) . BAG-1L and BAG-1 were present as early as E10.5 but not at subsequent developmental stages (Fig. 2 , compare lane 1 with lanes 2±4). A weak BAG-1L signal was however detected again at E18.5 (Fig. 2, lane 5) .
Site-and stage-speci®c expression of BAG-1 isoforms
In a more sensitive analysis, BAG-1L expression was ubiquitously detected as early as E10.5 in an immunohistochemical study with the N15 antibody (Fig. 3A) . This expression pattern became more restricted at subsequent developmental stages. At E12.5, positive staining by this antibody was detected mainly in the head region in the pituitary, fore-and midbrain as well as in the liver, turbinate bone, duodenum and the thymus (Fig. 3B) . At E14.5, positive staining in the brain was restricted to the forebrain. Staining in the thymus, turbinate bone, duodenum and liver became more intense. Additionally, the adrenal, kidney, lung and skeletal muscles were positively stained (Fig. 3C) . After E14.5 no positive staining by the BAG-1L antibody (N15) was detected (not shown). The C16 antibody, on the other hand, stained the mouse myocardium as early as E8.5 (Fig. 3D) , a stage where the N15 antibody produced no positive signals. This expression pattern persisted till E10.5 (results not shown). At E12.5, additional sites such as the gall bladder, spinal cord (Fig. 3E ) and sphenoid bone (not shown) were also positively stained. Thereafter, at E16.5, other organs and tissues previously described in the in situ hybridization studies were all positively stained (Fig. 3F ). Higher magni®cations of the staining pattern of the C16 antibody in the gall bladder and heart at E12.5 are shown in Fig. 3G±H .
The antibody reactivity revealed a mutually exclusive pattern of BAG-1 isoform expression in the heart and the thymus from E12.5 onwards. The heart stained positive from E12.5 onwards only with the C16 antibody (Fig. 3 , compare panels E and F with B and C), while the thymus was positive only with the N15 antibody from E10.5 (Fig.  3A±C) . At E14.5, although the Meckel's cartilage was positive in the in situ hybridization studies (Fig. 1B±B  H ) , it did not stain positive in the immunohistochemical assay with the N15 antibody. We therefore take it that this structure expresses other isoforms of BAG-1 but not BAG-1L. These studies together demonstrate that in addition to the stage speci®c expression of the BAG-1 isoforms, certain organs express only distinct forms of this protein.
Experimental procedures

Cell culture and transient transfections
Simian kidney COS-7 cells were cultured and transfected as previously described (Schneikert et al., 1999) .
Immunoblot and immunohistochemistry
Immunoblots with either extracts from transfected COS-7 cells or with homogenates of embryos were performed as described by Schneikert et al. (1999) with a carboxy-terminal speci®c antibody (C16; Santa Cruz) and BAG-1L speci®c af®nity-puri®ed antibody (N15) raised against the peptide RPGREPRQSEPPAQR. Immunohistochemistry was performed according to standard protocols using the avidin/biotin immunoperoxidase procedures.
In situ hybridization
In situ hybridization studies were performed according to standard procedures (Hogan et al., 1994; Belo et al., 1997) . A 657 bp coding region of mouse Bag-1 (Bardelli et al., Fig. 2 . Immunoblot showing speci®c BAG-1 isoforms at different stages of mouse development. Equal amounts of protein extracts from the indicated stages in mouse embryogenesis along with extracts from COS-7 transfected cells were used for an immunoblot assay. The COS-7 cells were transfected with an empty expression vector or with expression vectors containing the human Bag-1M cDNA or Bag-1L cDNA. The primary antibodies used for the immunoblot were the N15 and C16 antibodies. 1996) was subcloned as an EcoRI±NotI restriction fragment into pBluescript (Stratagene) and used for in vitro transcription of antisense and sense control of either 35 S-or digoxigenin-labelled RNA probes. Fig. 3 . Site-and stage-speci®c distribution of BAG-1 isoforms. Immunohistochemical staining was performed on tissue sections of mouse embryos. The antibodies used are BAG-1L speci®c antibody (N15) (panels A±C) and the C16 antibody (panels D±H). With the exception of panel D which was a transverse section, all the other panels contain sagittal sections of the embryos. Panels G and H are higher magni®cations of the structures labelled gb and h in panel E. The labels used are as follows: a, amnion, b, mandibular component of ®rst branchial arch;¯, forelimb bud; fv, fourth ventricle; gb, gall bladder; h, heart; hl, hindlimb bud; m, mesencephalic vesicle; nt, neural tube; o, otocyst (otic vesicle). Arrows in panels C and F indicate differences in staining of the thymus and heart by the N15 and C16 antibodies.
